ABSTRACT In this paper, a two-stage superposed transmission scheme for cooperative nonorthogonal multiple access (NOMA) systems is proposed. During the first N time slots, the source simultaneously transmits the superposition coded symbols to the relay and destination, both of which, instead of decoding, keep the receptions in reserve. At the last time slot, the relay decodes and forwards a new superposition coded symbol with corresponding power allocation factors to the destination. The destination jointly decodes the received signals during the total N + 1 time slots by employing maximum ratio combining. Assuming Rayleigh fading channels, the ergodic sum rate (SR), outage probability, and outage capacity of the system are investigated considering the high transmit signal-to-noise ratio cases. An approximate expression for the ergodic SR is also derived at the expense of a negligible performance loss. By means of numerical results, it is shown that the transmission rate and ergodic SR of the proposed scheme overwhelm that of the time-division multiple access and conventional NOMA schemes.
I. INTRODUCTION
Recently, a novel multiple access (MA) technique, named non-orthogonal multiple access (NOMA), has been widely considered as a candidate for the fifth generation (5G) wireless communication due to its superior spectral efficiency, balanced user fairness, intense connections, and low access latency [1] - [8] . In contrast to conventional orthogonal multiple access (OMA) [9] , such as frequency-division multiple access (FDMA) and time-division multiple access (TDMA), NOMA explores the non-orthogonal resource allocation. The key idea of NOMA is to explore the power domain for realizing MA, where different users are distinguished with different power levels [10] - [12] , while the successive interference cancellation (SIC) is employed to cancel the multiuser interference at the receiver [13] , [14] , respectively. Furthermore, in NOMA, an uneven power allocation is employed in general, so that a higher power is assigned to the user associated with a worse channel condition.
Owing to various advantages it promises and its compatibility with other communication technologies, NOMA has received considerable interest in existing and future wireless communications systems. In [15] - [18] , the physical-layer security issue of NOMA has been considered, which imposes the performance in terms of security capability, reliability and outage probability. In particular, the authors aimed at maximizing of the secrecy sum rate (SR) of a single-input single-output (SISO) NOMA system [18] , where each user has a predefined quality of service (QoS) [19] requirement. On the other hand, the user, relay and antenna selection based NOMA schemes have been also proposed [20] - [22] . In [21] , the outage performance of cooperative relaying in two-user NOMA systems was investigated with a best-near best-far user selection. Chen et al. [22] proposed a complete resource allocation based user selection scheme with lower computational complexity and excellent performance for both perfect and imperfect channel state information (CSI) scenarios. The application of cooperative simultaneous wireless information and power transfer (SWIPT) to NOMA networks was investigated in [21] and [11] , [23] - [25] , where the strong users are considered as energy harvesting relays to help the weak users. In particular, the opportunistic scheduling for downlink scenarios in multi-user multi-relay cooperative networks with SWIPT was studied in [23] which optimizes the power-splitting ratio. It is worth noting that, in addition to the capability, the outage performance and the spectral efficiency, the fairness is also an important issue in NOMA systems [3] , [26] , [27] , since there is tradeoff between total user throughput and user fairness. In consideration of imperfect CSIs, the power-efficient resource allocation for multicarrier NOMA systems was investigated in [10] which provides significant transmit power savings and enhanced robustness against channel uncertainty.
The cooperative relay networks (CRNs) have been the focus of a great deal of research since it can be applied to increase the system capacity [28] - [31] . Nosratinia et al. [28] presented an overview of the developments for the cooperative relay communications, where the single antenna mobiles in a multi-user environment are enabled to share their antennas to achieve transmit diversity. Nabar et al. [29] proposed three different TDMAbased cooperative protocols with amplify-and-forward (AF) and decode-and-forward (DF) modes of relaying, where the ergodic and outage capacity behaviors are also studied. In addition, an orthogonal DF protocol that employs rotated n-dimensional constellations was investigated in [30] . An uplink transmission technique based on the DF protocol was proposed in [31] which exploits the spatial degrees of freedom of the virtual multiple-input-multiple-output (MIMO) channel and is also extended in a doubly opportunistic manner by incorporating both multiuser diversity and relay selection diversity. Moreover, the provided cooperative technique is the first technique that exploits both kinds of opportunism.
Recently, the CRN-NOMA systems have been widely studied in [32] - [38] . In [32] , the performance of a NOMAbased cooperative relaying was investigated, where an efficient approximation method using Gauss-Chebyshev Integration for the achievable rates is also proposed. The outage performance for a downlink cooperative NOMA scenario with the help of an AF relay was studied in [33] , which indicates that the cooperative NOMA is obviously superior to the cooperative OMA in coding gain without losing any diversity order. Zhang et al. [34] studied the resource allocation problem for a single-cell NOMA relay network, where an orthogonal frequency-division multiple (OFDM) AF relay allocates the spectrum and power resources to the sourcedestination pairs to optimize the sub-channel assignment and the power allocation. The outage behavior of the mobile users was considered for the NOMA based cooperative AF relaying in [35] .
Moreover, a cooperative NOMA transmission technique using maximum ratio combining (MRC) was studied in [2] , which exploits a priori information in NOMA systems. Analogously, the work of NOMA in the coordinated direct and relay transmission (CDRT) with the DF protocol was introduced in [36] , where the exact and asymptotic expressions for the achievable rate of the proposed system are derived. Realizing that the performance of the achievable rate is limited by a poor channel, Xu et al. [37] proposed a novel receiver design for the CRN based NOMA by using MRC, showing the advantages in terms of ergodic SR and outage probability. Unfortunately, the proposed scheme in [37] required the symbol allocated lower power to be decoded first which deteriorates the outage performance. In order to solve this problem and further improve the outage performance, a two-stage power allocation CRN using NOMA was proposed in [38] , in which, the relay forwards a new superposition coded symbol with a different power allocation.
On one hand, employing the multiple time slots transmission can effectively increase the spectrum efficiency of the system. To the best of our acknowledge, there is no studies that focus on the multiple time slots CRN-NOMA system. On the other hand, multiple time slots transmission is possible to provide a higher transmission rate. These motivate us to investigate the CRN-NOMA system with multiple time slots transmission. The implementations and contributions of this paper are summarized in the following:
• We comprehensively investigate the two-stage superposed transmission scheme for CRN-NOMA with multiple time slots. Unlike existing works, not only the source but also the relay are allowed to transmit superposition coded signals thanks to the multiple time slots transmission, which is more general and challenging. In addition, the superposed strategy used at the relay is efficient and necessary, it improves the transmission rate of the proposed scheme from {1/2, 1} to
compared with the TDMA and conventional NOMA schemes, where M is an integer number as the total transmission time slots.
• In order to further improve the ergodic SR, the MRC is employed to jointly decode the received signals during the N +1 time slots. With the proposed receiver, the relay and destination will not decode the received signals from the source immediately. Instead, they will conserve them until the corresponding time slot comes.
• Closed-form solutions of the ergodic SR, outage probability and outage capacity at high transmit signal-tonoise ratio (SNR) are derived. An approximate expression for the ergodic SR is also derived with a negligible performance loss. Furthermore, the theoretical results are shown to highly agree with the simulation results, especially in the high SNR region.
• Through the numerical results, both analytically and numerically, we compare the proposed NOMA scheme with the TDMA and conventional NOMA schemes in terms of ergodic SR and transmission rate. It is shown that the proposed scheme outperforms the benchmark schemes significantly. The rest of this paper is organized as follows. Section II describes the system model of the two-stage superposed transmission for CRN-NOMA. In Section III, performance in terms of achievable ergodic SR, outage probability and outage capacity is analyzed. In addition, an approximate VOLUME 6, 2018 expression for the ergodic SR is also derived. Numerical results are presented to show the excellent performance of our proposed scheme in Section IV. Section V concludes this paper.
Notations: CN (·) represents a complex Gaussian distribution. Ei (·), Ec and E [·] denote the exponential integral function, the Euler constant and the expectation, respectively. Pr {A|B} denotes the conditional probability of event A on event B. |·| 2 stands for the norm square of a scalar. 
II. SYSTEM MODEL AND PROPOSED SCHEME
A simple CRN consisting of one source, one relay, and one destination is considered as shown in Fig. 1 , in which all nodes operate in half-duplex mode. It is assumed that each node is equipped with a single antenna and there is a direct link between the source and destination. The channel gains from the source to destination, from the source to relay, and from the relay to destination are denoted by h SD , h SR , and h RD , respectively, which are assumed to be independent complex Gaussian random variables with variances α SD , α SR , and α RD , respectively. Furthermore, the CSI is assumed perfectly known to each receiving node.
For NOMA, with the aid of superposition coding (SC) and successive interference cancellation (SIC), each sub-channel can transmit more than one signal with the same frequency, implying that each sub-channel in NOMA can accommodate more users. In our proposed scheme, the transmission involves N + 1 time slots. Specifically, the source transmits its signal by adopting the superposition coding at the t-th time slot, with 1 ≤ t ≤ N , which are given in the form of
where x i , for i ∈ {2t − 1, 2t}, denotes the broadcast symbol at the source with E |x i | 2 = 1, a 2t−1 and a 2t , with a 2t−1 + a 2t = 1, are the power allocation factors, and P t stands for the total transmit power. Moreover, the superposed signal s t is simultaneously transmitted from the source to relay and destination nodes. Therefore, the received signals at the source and relay nodes at the t-th time slot can be expressed as
respectively, where n
∼ CN 0, σ 2 represent the additive white Gaussian noises (AWGNs) at the t-th time slot with zero mean and variance σ 2 .
At the receiver, SIC is performed at receivers with relatively high signal-to-interference-plus-noise ratio (SINR), and carried out in descending order of SINR. Without loss of generality, according to the NOMA principle, we further assume that x 2t−1 is decoded first and allocated with more transmit power, i.e., √ a 2t−1 > √ a 2t , and then x 2t is subsequently decoded. At the relay, the term contributed by x 2t in (2) is treated as noise to decode x 2t−1 , and then x 2t is acquired through SIC. In this manner, the effective SNRs for x 2t−1 and x 2t at the relay can be respectively expressed as
Further assume that, different from the existing studies, to improve the system performance, the relay will not forward the decoded signals to the destination but instead conserve them until the (N + 1)-th time slot comes while the source will not transmit any signal to the receiving nodes, i.e., the relay and destination. In this manner, at the (N + 1)-th time slot, relay node forwards a new symbol x R with superposition coding to the destination:
where b m with N m=1 b m = 1 is a new power allocation coefficient, and x 2m denotes the decoded signal at the relay with lower power. Therefore, the signal received at the destination at the N -th time slot is given by
where n (N ) D is the AWGN at the destination at the second time slot with zero mean and variance σ 2 . It is clear that there are (N + 1) signals received at the destination, which are y
RD . By employing the MRC at the destination, the corresponding received SNRs for x 2t−1 and x 2t can be expressed as
and
respectively, where ρ = P t σ 2 denotes the transmit SNR. In light of (9), the corresponding received SNR at the destination for x 2N is given by
III. PERFORMANCE ANALYSIS
In this section, in order to characterize the performance of our proposed scheme, we analyze the achievable ergodic SR, the outage probability and the outage capacity over the Rayleigh fading channel.
A. ERGODIC SR ANALYSIS
As illustrated in Section II, the achievable rates of symbol x 2t−1 and x 2t can be obtained from γ
and γ D,x 2t−1 , respectively, as
where 1 N +1 results from the N + 1 time slots transmission. Therefore, according to (10) , (11) and (12), the achievable SR for the total system can be expressed as
where
Denoting h
, γ D,x 2t−1 }, the complementary cumulative distribution function (CCDF) of X can be obtained as
Noting that F β δ (x) = e − x α δ , for δ ∈ {SR, SD}, (14) can be equivalently represented as
It is clear that, for x >
, F X (x) = 0 always holds. On the other hand, for the case x < a 2t−1 a 2t
, taking the derivative of (15), the probability distribution function (PDF) of F X (x) can be thus obtained as
Thus, the corresponding rate of x 2t−1 during the t-th time slot can be finally expressed as (8) shown at the top of the this page, where (a) denotes the approximation that
in the high SNR region.
In order to obtain the CCDF of Y = min{γ
From (17), it is clear that there are four cases that should be discussed as follows:
2)
Therefore, after some manipulations, F Y (y) can be finally reexpressed as (18) shown at the top of this page. Since it is hard to obtain the exact expression of F Y (y) directly, we try to find the approximation at high transmit SNR, i.e., ρ 1. In this case, we have
, and
For the case y > a 2t a 2t−1
the corresponding rate of x 2t during the t-th time slot can be finally expressed as (21) shown in the top of this page, where
[40, eq. (3.352.1)] is used. Specifically, considering the high SNR, for x 2N during the N -th time slot, the objective CCDF of Z is given as
with the PDF of z as
Finally, the corresponding achievable rate, for the x 2N , can be expressed as
Putting (16), (21) and (25) together, the corresponding ergodic rate of the signal x 2t−1 and x 2t , for t = N and the special case t = N , can be expressed in the closed-form expressions as (26) and (27) as shown at the bottom of this page, respectively. On the other hand, for (26) and (27) , by further assuming the high transmit SNR and applying the approximations of e x ∼ 1 + x and Ei(−x) ∼ Ec + ln(x), for small x, the approximation of the achievable ergodic SR for the total system can be expressed as (24) . Based on this, the achievable ergodic SR for the triple time slots case can be expressed as
. (29) B. OUTAGE PROBABILITY ANALYSIS
Since each user transmits with a predetermined target data rate according to its required QoS, the outage probability is an important performance metric for the proposed system. The closed-form solutions of the outage probability with asymptotic expressions are presented in this subsection.
Assume that R , respectively, where R x m denotes the achievable rate for date x m , resulting in the exact outage probability for the total N + 1 time slots as (30) . Further assuming that
T −1, respectively. Therefore, the exact expressions for U 1 , U 2 and U 3 can be written as follows:
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By substituting (31), (32) and (33) back into (30) , with the
, the outage probability can be finally obtained in the closed-form expression as (34) where
C. OUTAGE CAPACITY ANALYSIS
In this subsection, the outage capacity analysis of our proposed finite time slot CRN-NOMA system is introduced. Since obtaining the exact outage capacity for the proposed scheme is considerably tough, the approximate outage capacity at high transmit SNR is derived as shown in the following.
Let P out = ε and employ the approximation e x ∼ 1 + x for small x. In the high transmit SNR region, (34) can be equivalently converted into the following form as
Further assuming the predefined target data rate thresholds W t = W g = W z = W, after some algebraic simplifications, Eq. (35) can be finally expressed as
with the outage capacity as
IV. NUMERICAL RESULTS
In this section, we examine the performance of our proposed scheme in terms of ergodic SR, outage probability and outage capacity with fixed α SD = 1. All results are averaged over 80, 000 channel realizations. In the following figures, we use ''Simulation'', ''Analysis'', ''Approximation'' and ''nTS'' to denote the simulation, analytical, approximation results, and n transmission time slots, respectively.
Figs. 2 and 3 depict the ergodic SR performance with respect to power allocation factors b 2 and a 1 for the triple time slots transmission scenario, respectively. In Fig. 2 , comparisons are made with fixed α SR = 10, α SD = 1, a 1 = a 3 = 0.7 and a 2 = a 4 = 0.3 for different transmit SNRs as ρ = {15, 20, 25} dB in two considered system setups: (1) α RD = 10; (2) α RD = 2. As seen from the figure, there exists an optimal value of b 2 that maximizes the ergodic SR. In addition, with the increase of the SNR and α RD , the corresponding b 2 for the optimal ergodic SR will be close to 0. Particularly, in Fig. 3 , to simplify the analysis, we further assume that a 1 = a 3 with fixed b 1 = 0.9, α SD = 1, α RD = 2 and α SR = 10. From the figure, we observe that the optimal SR exists when a 1 is close to 1. Furthermore, for the higher transmit SNR, the power allocation factors a 1 and b 2 corresponding to the achievable ergodic SR are close to 1 and 0, respectively.
For comparison, the TDMA and conventional NOMA [36] are considered as two benchmark schemes, where the transmission protocol is similar to that of the one in [36] . The details is shown as follows:
• The source transmits the data symbols to the relay and destination during one time slot. Then, the relay and destination will decode the receptions.
• The relay forwards the decoded signal to the destination while the destination will decode the transmitted signal from the relay.
It is clear that, assuming M (even integer) time slots transmission, for both two benchmark schemes, to complete one data transmission requires two time slots. By this way, the achievable average rates of the TDMA and conventional NOMA with M time slots can be finally expressed as and
and G C,2 = min h
Fig . 4 illustrates the transmission rate versus the transmission time slots, where the comparison is made considering three schemes, namely the proposed and conventional NOMA schemes, and the TDMA scheme as a benchmark. One can see that our proposed NOMA scheme shows its advantage for each number of the transmission time slots. In general, more transmission time slots lead to a higher transmission rate of the proposed NOMA scheme. For two benchmark schemes, each transmission involves two time slots, where single data symbol is transmitted for the TDMA scheme while a superposed data symbol transmission is considered for the conventional NOMA scheme, respectively. Therefore, the transmission rate of 1/2 and 1 can be achieved for the TDMA and the conventional NOMA schemes, respectively. Note that for our proposed NOMA scheme, each transmission can be efficiently completed within the transmission rate as
M . For cases with larger M , the transmission rate is close to 2 which outperforms the other 2 benchmark schemes. NOMA ones versus the transmit SNR, where we let h (t) δ 2 = β δ , for δ ∈ {SR, RD, SD}. It shows that the ergodic SR of our proposed scheme is higher than that of the TDMA and the conventional NOMA schemes, which supports the practical utility of our design. In addition, the achieved ergodic SR of the TDMA and conventional NOMA schemes will not change with different time slots transmission due to that the transmission rate of the TDMA and conventional NOMA will not change with increasing transmission time slots. Remarkably, the 2TS of the proposed and conventional NOMA schemes have the same SR performance, for the reason that the proposed NOMA scheme can be seen as a special case of the conventional one.
In Figs. 6 and 7, we show the ergodic SR for different channel gains, with respect to the number of transmission time slots, to show the superiority of our proposed scheme. Fig. 6 shows the ergodic SRs of the total system for our proposed 3TS scheme versus the transmission SNR, wherein the approximate results is obtained by (24) . Moreover, two system setups are considered: (1) α RD = 3, α SR = 10; (26) and (27) , as well as the approximation expression of the ergodic SR (24) and the simulation results in both Figs. 6 and 7, especially in the high SNR region. Specifically, with the increasing time slots N , the performance of SR will be also improved as shown in Fig. 7 . In addition, the achieved ergodic SR with greater α RD is higher since (24) will be greater with a larger α RD , which results in better performance in the ergodic SR.
In Fig. 8 , we show the outage performance of our proposed scheme in simulation and analytical results with N = 3 transmission time slots, where we set a 1 = a 3 = b 1 = 0.9, a 2 = a 4 = b 2 = 0.1. In addition, there are four groups of data FIGURE 8. The outage probability for our proposed scheme with the target rate as 0.5 and 0.7 with respect to the transmission SNR. symbols: (1) W = 0.7 with α RD = 2, α SR = 2; (2) W = 0.5 with α RD = 2, α SR = 2; (3) W = 0.7 with α RD = 10, α SD = 10; (4) W = 0.5 with α RD = 10, α SD = 10. The results reveal that a good match exists between the simulation and analytical results. It is also observed that the performance of the outage probability improves as the channel gains of α SR and α RD increase and the threshold W decreases.
The outage capacity with respect to the transmission SNR and ε is illustrated in Fig. 9 , where ε is set to be {0.6, 0.1, 0.01} with fixed {α SD = 2, α RD = 30, α SR = 3} and {α SD = 2, α RD = 3, α SR = 30}, respectively. It is pointed out that the outage sum capacity degrades with an decreasing value of ε. Moreover, the performance of the outage sum capacity for the higher α RD case is always better than that of the lower one.
V. CONCLUSION
In this paper, a two-stage superposed transmission for the CRN with finite time slots in the NOMA system has been proposed. We have employed the MRC and SIC to jointly decode the receptions from the source and relay nodes during multiple time slots, where the transmitted signal at the relay node is also designed as a superposition code. Finally, we have analyzed the performance in terms of ergodic SR, outage probability, outage capacity, and derived the corresponding closed-form expressions. The theoretical derivations have been shown to highly agree with the simulation results. By means of the numerical results, our proposed scheme has been shown to achieve a significantly improved transmission rate and exhibit a better SR behavior than the TDMA and conventional NOMA schemes. Our future concerns will be the optimization problems on the power allocations for the NOMA symbols in the proposed finite time slots NOMA-CRN scenario.
